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INTRODUCTION 
Agronomists have long agreed that the best defense against 
an infectious plant disease is a healthy plant augmented by good 
cultural methods (12,20,42). The maintenance practices employed in 
the upkeep of fine textured turfgrasses for lawns, sports fields, 
parks and golf courses have become important tools in the prevention 
of turfgrass diseases. Despite careful maintenance, pathogens will 
often incite disorders in turfgrasses. Occurrence of turfgrass 
diseases caused by fungi has been correlated to environmental condi¬ 
tions (5,28,39) and severity of infection related to cultural prac¬ 
tices (7,15,18,28). In the temperate regions of North America, 
infection by the fungus Helminthosporium spp. has resulted in severe 
damage to fine textured turfgrasses (20). Experiments (7,12,17,18, 
21,22,28,39) have indicated that nitrogen fertilization may be a 
factor in the infection of Kentucky bluegrass by Helminthosporium 
spp. It may follow that the disease organism may be affected by the 
form of nitrogen applied to the plant. A lack of information in 
the area led to the possibility of a Ca^^ and Mg’^'*’ imbalance in the 
bluegrass plant as a factor in the disease cycle. The present inves¬ 
tigation was undertaken to determine 1) if the uptake of calcium and 
magnesium is related to NhJ-N and fertilization of Kentucky blue- 
grasses and 2) the effect of calcium and magnesium reduction in plant 
tissue on infection by H^. vagans. 
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REVIEW OF LITERATURE 
The Disease 
Helminthosporium vagans was first described as the causal 
organism of the leafspot disease in 1930 (13). Since the initial 
description of H. vagans as a pathogen of Kentucky bluegrass, its 
occurrence and importance have become widespread. JH. vagans is now 
regarded as the principal causal agent of leaf spotting in associa¬ 
tion with turfgrasses (21). In addition to leaf spotting the organism 
causes leaf blighting, leaf abscission, root, rhizome, stolon and 
crown rots (12). 
Helminthosporium lives in close association with its host 
throughout the year. Mycelium is able to survive in infected plant 
debris (10) when environmental conditions are not favorable for growth. 
The spores of H. vagans are able to survive the winter and germinate 
in the spring. New infections are caused as the mycelium and spores 
spread from diseased tissue to healthy plants (12). 
Symptoms characteristic of the disease incited by H. vagans 
are small water-soaked lesions, usually with a purple coloration, 
which can appear either on the grass blade or on the sheath (9,11,39). 
Environmental conditions in the spring and the fall influence the 
initiation of the leaf spot phase of the disease. Leaf spotting occurs 
in cool, moist weather with a temperature range from 16°-20°C (12,39). 
2 
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Moisture is necessary for mycelial growth and the dissemination and 
germination of spores (7,39). The leaf spots will enlarge when 
favorable conditions persist becoming dark purplish-red areas with 
straw colored centers (12). Several leaf spots may coalesce into a 
single necrotic region. The infected leaf or sheath may eventually 
become girdled by necrotic tissue causing it to drop off the plant. 
The severed leaf will serve as a host for the fungus and will provide 
the fungal spores and mycelium for future infections. Leaf abscis¬ 
sion is referred to as "melting-out" (12). 
Propagation of Helminthosporium is achieved through the pro¬ 
duction of asexual spores termed conidia borne on unorganized conidio- 
phores (26). Conidiophores may arise at any point on septate mycelium. 
The conidia are typically subcylindric, septate and yellowish-brown 
in color. The basal cell of the conidium bears a scar at its point 
of attachment to the conidiophore. Germ tubes may emerge from one 
or more cells of the conidium (26). The conidia usually range in 
size from 17-23 y x 25-130 y (12). 
Helminthosporium vagans has been isolated from Kentucky blue- 
grass and grown in culture (21). The organism grows well on a variety 
o 
of media and sporulation can be induced by a near UV light (3100-4100 A) 
(26). On artificial media, the mature, sporulating culture is dark 
green to black in appearance. 
Disease Control 
Chemical control. The disease incited by Helminthosporium vagans has 
been controlled most successfully by various chemical formulations. 
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The chemicals most widely used are compounds of thiram, cyclohexamide, 
captan, chlorothalonil (12) and dyrene (27). Although chemicals have 
been effective in preventing or controlling leaf spotting and melting- 
out, other methods have been investigated. 
Cultural control. Cultural methods employed by turf managers have 
been shown to have an effect upon the prevention of disease (7,15,16, 
17,18,21,22,25,28,39,42). Varieties of Kentucky bluegrass resistant 
to Helminthosporium spp. are available (21). Although none are immune 
to attacks by the pathogen widely used, somewhat resistant cultivars 
include Baron, Fylking, Merion, Nugget and Pennstar. The removal of 
turf clippings after mowing has resulted in a healthier, denser turf- 
grass stand (42). Accumulation of turf clippings can contribute to 
a thatch problem which can interfere with water and fertilizer move¬ 
ment as well as providing an energy source for pathogens such as 
Helminthosporium (37). 
Cultural methods which have enhanced the infection of turf- 
grasses by Helminthosporium vagans include excessive nitrogen fertili¬ 
zation, excessive irrigation and height of cut (18,22,27). Some 
researchers (22,27) agree that closely mowed turf is more susceptible 
to infection by Helminthosporium but Gibbs et al. (18) observed a more 
severe rate of infection on turf maintained at a taller height of cut. 
Gibbs et al. (18) also found no correlation between the sugar 
content of bluegrass and the incidence of leaf spotting incited by Hel- 
minthosporium. Lukens (28), however, reported that leaf spotting is 
influenced by carbohydrate levels in Kentucky bluegrass. Bluegrass 
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turf was more severely infected by vagans when the sugar content 
of the leaf tissue was low. Lukens also reported that factors that 
contribute to the lowering of the carbohydrate level included excessive 
nitrogen, close mowing and a shaded environment. 
The importance of moisture for infection by the pathogen has 
been established (7,39). Cheeseman et al. (7) found that leaf spotting 
caused by Helminthosporium increased in size and frequency with de¬ 
creasing moisture stress and increasing nitrogen levels. Weihing et 
al. (39) found moisture and temperature to be important factors in the 
development of disease caused by H^. sativum. They recorded symptoms 
that varied from leaf spotting to leaf blighting. The severity of 
infection was related to temperature. 
Nitrogen fertilization is commonly linked with the severity 
of infection of Kentucky bluegrasses by Helminthosporium spp. (7, 12, 
17,18,21,22,28,39). Experiments (18,28) with varying nitrogen levels 
indicate that excessive nitrogen fertilization results in a more sus¬ 
ceptible bluegrass plant. 
Cultural methods have been investigated by other workers (15, 
25). Elliot (15) observed that the addition of commercial fertilizer 
amendments increased the yield of Kentucky bluegrass but did not in¬ 
crease the total weight of diseased plant tissue. The fertilizer 
reduced the proportion of diseased to disease free plant tissue. 
Hooker et al. (25) found that potassium amendments substantially 
reduced the severity of infection of corn leaf blight by Helmintho¬ 
sporium turcicum. They also found that the infection by H. turcicum 
was enhanced by the addition of lime. Despite the evidence linking 
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leaf spotting with nitrogen fertilization, there have not been any 
reports correlating the severity of infection by Helminthosporium spp. 
with the form of nitrogen supplied to the plant. 
Effects of Nitrogen Nutrition on Plants 
Many investigations have centered around the nitrogen nutrition 
of plants based upon the form of nitrogen supplied to the plant (1,3, 
6,8,23,24,32,34,36,38,40,41). The form of nitrogen can effect the 
metallic cation content of the plant tissue, the pH of the soil solu¬ 
tion and protein synthesis. The influence of the form of nitrogen 
on these growth factors may have an effect on the pathogenicity of 
Helminthosporium towards Kentucky bluegrass. 
Nitrogen can be absorbed by the plant as a cation (NhJ) or as 
an anion (NO^)- Experimental results (1,23,40) indicated that the 
form of nitrogen that a plant receives can affect the metabolic pro¬ 
cesses of the plant. Ammonium has been shown to restrict the uptake 
of calcium and magnesium while nitrate enhances their absorption 
(8,23,41). Claassen and Wilcox (8) reported that potassium also inter¬ 
fered with the uptake of calcium and magnesium in corn plants. Mark- 
land and Roberts (29) did not find any significant differences in the 
calcium and magnesium content of creeping bentgrass when different 
forms of nitrogen were applied as fertilizer. Barker and Maynard (3) 
did not find significant differences in calcium and magnesium accumu¬ 
lation in pea plants when the effects of ammonium versus nitrate were 
compared. The pea plants nourished with ammonium were, however, smaller 
than the nitrate fed plants. Other experiments (2,4,33,36) in which 
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NhJ-N was compared with NO^-N have shown that the pH of the medium 
may be a factor in anion or cation uptake. 
Street and Sheat (36) found that NH^-N could be toxic to corn 
plants at a pH of 4.0. In the acidic environment created by the low 
pH the ammonium ion was absorbed by the plant but could not be assimi¬ 
lated into the growing tissue. Between pH 7.0 and 8.0, they found 
that ammonium was assimilated and supported good growth. Street and 
Sheat concluded that the uptake of nitrogen by plants from a solution 
containing ammonium and nitrate either singly or together is dependent 
upon several factors. The uptake of nitrogen by plants is influenced 
+ 
by the concentrations of NH^-N and NO^-N, the pH of the solution, the 
composition of the cultural solution, the species of plant, its stage 
of development and previous nutritional history. Barker et al. (4) 
studied the assimilation of ammonium in bean plants. They found that 
ammonium could be assimilated at a pH range of 6.8-7.4 and supported 
+ 
normal growth. They proposed that as NH^-N accumulated in the plant 
with a low pH environment, protein synthesis was depressed. Street 
+ 
and Sheat (36) reported that free NH^-N may retard protein synthesis 
due to a deficiency in basic amino acids. Morris and Giddens (33) 
observed that nitrification, the reduction of ammonium or ammonia 
to nitrate by bacteria, is inhibited by a low pH. Arnon and Johnson 
(2) stated that if plants are to grow in an environment with a low pH 
calcium must be abundant. 
Street and Sheat (36) reported that ammonium is absorbed more 
rapidly in younger plants but the reverse is true in older plants. 
McCool and Cook (32) found a similar response in oats and barley. 
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They observed that the addition of (NH^)^SO^ or urea as fertilizer 
amendments caused a decrease in nitrate uptake for a period of time 
after which nitrate uptake was resumed. Gillingham (19) observed that 
NO^-N was the most efficient anion in increasing the absorption of 
calcium and magnesium. However, Scarsbrook and Cape (35) found that 
when the soil is limed and the other essential elements are available, 
ammonium and nitrate are both equally efficient as primary sources of 
nitrogen. 
Weissman (40) found that the greatest leaf protein level in 
sunflowers was achieved when simultaneous applications of ammonium and 
nitrate were provided. He found plants supplied only with ammonium 
to be lacking in the amino acid a-amino butyric acid. Plants supplied 
only with nitrate were low in arginine. His study indicated that the 
leaf cannot produce all the necessary amino acids and therefore they 
must be supplied from the roots. 
The form of nitrogen has been shown in the cited investigations 
to affect the metabolism of a wide variety of plants. It remains to be 
seen whether cultured turfgrasses will respond in a similar fashion. 
Specifically, whether ammoniating fertilizers and potassium levels will 
reduce the calcium and magnesium content of Kentucky bluegrass (Poa 
pratensis) and if so how the reduction of metallic cations may effect 
the physiology of the relationship between the bluegrass plant and 
its most serious pathogen Helminthosporium. 
EXPERIMENT 1 A 
EFFECTS OF TWO FORMS OF NITROGEN AND DIFFERENT POTASSIUM 
LEVELS ON THE CALCIUM AND MAGNESIUM IN THE LEAF TISSUE 
OF MERION AND PARK CULTIVARS OF KENTUCKY BLUEGRASS 
(POA PRATENSIS L.) 
Procedure 
A 50-50 mixture (w/w) of Berkeley #1 Q-ROK and #3 quartz sand 
was washed with demineralized water and placed in 42 plastic containers 
at 7 pounds of mixture per container. Twenty-one of the containers 
were seeded with Merion Kentucky bluegrass and 21 were seeded with 
Park Kentucky bluegrass. Two hundred and forty seeds were placed in 
each container equivalent to a seeding rate of 15 seeds per square 
inch. The pots were labeled according to cultivar and placed in a 
growth chamber. The seeds were kept moist with demineralized water 
until germination, after which seven treatments were applied. Each 
treatment was replicated three times within each cultivar. Treatments 
consisted of modified Hoagland solutions based upon varying ratios of 
nitrogen, phosphorus and potassium (N-P-K) and forms of nitrogen 
(Table 1). NhJ^-N applied as (NH^)2S0^ was the only form of nitrogen 
in treatments 1, 3 and 5 and NO3-N applied as NaNO^ was the only form 
of nitrogen in treatments 2, 4 and 6. NH^NO^, treatment 7, served 
9 
10 
TABLE 1 
EXPERIMENT I A 
TREATMENT NUMBER, N-P-K RATIOS AND NITROGEN FORM 
APPLIED TO MERION AND PARK KENTUCKY BLUEGRASS 
Treatment N-P-K Ratio Nitrogen Form 
1 1-1-1 nhJ 
2 1-1-1 O
 
U>
 1 
3 1-1-3 NH- 
4 1-1-3 NOj 
5 2-1-1 nhJ 
6 2-1-1 NOi 
7 1-1-1 nhJ + N05 
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as the control. The potassium levels were greatest in treatments 3 
and 4 resulting in an N-P-K ratio of 1-1-3. The N-P-K ratio in treat¬ 
ments 1, 2 and 7 was 1-1-1, and in 5 and 6 the ratio was 2-1-1. The 
composition of the treatments is shown in Appendix A. Micronutrients 
were included in all the treatments (Appendix B). Iron was provided 
as NaFe EDTA. Nutrient solutions were adjusted to pH 6.0-6.5 using 
dilute HC1 or dilute NaOH. Treatment rate was 250 ml per container 
applied as a drench three times a week. The turf was maintained at 
a height of 1 1/2 inches. The temperature was controlled between 
16 and 20°C. 
Leaf tissue was harvested eight times over a three month 
period. Tissue fresh weight was recorded and the tissue dried in a 
forced air draft oven. Dry weight was recorded and the tissue analyzed 
for calcium and magnesium content. The organic content of the tissue 
was destroyed using a wet ash digestion procedure. The calcium and 
magnesium content was determined by an atomic absorption flame spec¬ 
trophotometer, Model 214 Perkin-Elmer. 
Results 
Initially the treatments improved the growth and color of the 
turfgrasses. However, after two weeks differences in growth due to 
the treatments were apparent. The turfgrasses which received NH^-N 
as the sole source of nitrogen grew slower and yielded less clippings 
than did the turf plants that received either NO3-N or NH^NO^. After 
30 days the grass plants given the NH^-N continued to grow poorly and 
differences in coloration were observed. The plants were stunted with 
12 
short leaves and were a much darker green than the plants that received 
the other treatments. Turfgrass that received NhJ-N yielded less 
clippings than plants treated with NO^-N or ammonium nitrate. Turf 
plants that received treatments 2, 4, 6 and 7 were deep green in color 
and appeared vigorous and healthy. 
Fresh and dry weight. Plants supplied with N-P-K in a 2-1-1 ratio 
(treatment 6) with nitrate as the source of nitrogen produced the 
heaviest fresh weight clippings. NO^-N treatments in 1-1-1 and 1-1-3 
ratios (treatments 2 and 4) yielded fresh weight clippings that were 
heavier than clippings from plants that received the same ratios of 
N-P-K in which ammonium was the source of nitrogen (treatments 1 and 3). 
The dry weights of the clippings followed the same pattern as the fresh 
weighed clippings. There was no difference in either fresh weight or 
dry weight between the Merion or Park cultivars. Fresh and dry weight 
totals are shown in Table 2. 
pH. The leachate from pots that received ammonium sulphate as the sole 
source of nitrogen, treatments 1, 3 and 5, were observed to have pH 
values below 4.0. The leachate from the nitrate treated pots had a 
pH range of 8.42 to 9.05. NH^NO^ resulted in a pH of 5.87. The results 
are presented in Table 3. 
Calcium and magnesium content. It appeared that the calcium content 
of plant top growth was affected by the form of nitrogen applied to 
the turf plants. Plants that received (NH^)2S0^ as the source of nitro¬ 
gen contained less calcium than plants that received NO-^-N or NH^NO^. 
Plants that received NO^-N in a 1-1-1 N-P-K ratio had greater tissue 
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TABLE 3 
EXPERIMENT I A 
NITROGEN FORM, N-P-K RATIO AND EFFECTS OF THE TREATMENTS 
ON THE pH OF THE LEACHATE 
Treatment 
1 
2 
3 
4 
5 
6 
Nitrogen Form N-P-K Ratio EH 
nhJ 1-1-1 3.80 
NO- 1-1-1 8.63 
NH4 1-1-3 3.78 
NO- 1-1-3 8.42 
nhJ 2-1-1 3.85 
NO- 2-1-1 9.05 
NhJ + NO3 1-1-1 5.87 7 
15 
calcium levels than plants that received NO’-N in 1-1-3 or 2-1-1 ratios. 
3 
The N-P-K ratios that received NH^-N had no effect upon the calcium 
content of the leaf tissue. 
The varietal totals for calcium content differed significantly. 
The Merion cultivar contained more calcium on a per cent dry weight 
basis than the Park cultivar. The varietal mean for the Merion culti¬ 
var was .254% while the mean for the Park cultivar was .188% (Table 4). 
Magnesium content in the turfgrass tissue also appeared to be 
affected by the form of nitrogen applied to the plant. Plants of both 
cultivars given nitrate as the source of nitrogen contained the most 
magnesium. The turf plants that received nitrate in a 1-1-3 ratio 
(treatment 4) contained less magnesium than the other nitrate treated 
plants. NH4NO3 resulted in magnesium levels that did not differ sig¬ 
nificantly from plants that received ammonium. There was no significant 
difference in magnesium due to cultivar. The results of the magnesium 
analyses are presented in Table 4. 
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EXPERIMENT 1 B 
CONTROL OF pH IN A SAND MEDIUM USING BaSO^ 
AS AN AMENDMENT 
Procedure 
To better control the pH of the sand culture a second experi¬ 
ment was devised in which BaSO^ was incorporated into the sand mixture. 
Forty-two four inch plastic pots were lined with glass wool to allow 
for drainage and then each was filled with 500 grams of a sand mixture 
as described in Experiment 1 A. The sand, however, was amended with 
five grams of BaSO^ per pot. Twenty-one of the pots were seeded to 
Merion Kentucky bluegrass and 21 to Park Kentucky bluegrass. The 
seeding rate was the same as in Experiment 1 A. The seeds were kept 
moist with demineralized water until germination and then nutrient 
treatments were applied. Treatments were the same as in Experiment 1 A 
(Table 1). Pots received 150 ml of treatment solution per week applied 
in three 50 ml increments. The pH of the leachate from each pot was 
tested four times to determine the effects of the BaSO^. 
Results 
The pH of the leachate as affected by the BaSO^ amendment are 
shown in Table 5. Leachate collected from pots that received ammonium 
17 
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as the source of nitrogen had higher pH values than pots that received 
the same treatments in Experiment 1 A. The greatest increase in pH 
among the ammonium treatments occurred in the leachate from NH^-N, 
with a 1-1-1 N-P-K ratio. The pH values recorded for Nnt-N in a 
4 
1-1-3 ratio were lower than those obtained for NhJ-N in a 1-1-1 ratio 
and the pots that received NH^-N in a 2-1-1 ratio had a pH that changed 
the least. 
The pH of the leachate recovered from the nitrate treatments 
amended with BaSO^ ranged from 7.02 to 7.60 (Table 5), compared with 
8.63 to 9.05 without BaSO^ (Table 3). BaSO^ did not sufficiently 
neutralize the effects of the ammonium ion. The turf plants that 
received the ammonium nitrogen plus BaSO^ grew as poorly as the turf 
plants that received just the ammonium treatments as in Experiment 1 A. 
The pH of the leachate from the ammonium treatments with BaSO^ ranged 
from 3.98-4.85 compared with 3.78-3.85 without BaSO^. 
EXPERIMENT 1 C 
INFLUENCE OF CALCIUM AND MAGNESIUM IN THE TOPGROWTH OF 
MERION AND PARK KENTUCKY BLUEGRASS ON INFECTION BY 
HELMINTHOSPORIUM VAGANS 
Procedure 
Because BaSO^ failed to buffer the media in Experiment 1 B, 
a third experiment was initiated. Nutrient solutions deficient in 
calcium, magnesium or both essential elements were employed to induce 
the conditions observed by Claassen and Wilcox (8) under ammonium 
and potassium fertilization. 
Sixteen four inch plastic pots were seeded to Merion Kentucky 
bluegrass and 16 to Park Kentucky bluegrass as described in Experiment 
1 A. Seeds in each pot were kept moist with demineralized water until 
germination. Seedlings were then given 150 ml per week of a complete 
Hoagland solution in three 50 ml increments. The turf plants were 
maintained at a height of 1 1/2 inches and treatments were begun when 
the plants had developed at least four leaves. Treatments were repli¬ 
cated four times within each cultivar. 
Treatments were modified Hoagland solutions lacking one or 
more element in addition to a control. Treatment 1 lacked calcium, 
2 lacked magnesium, and 3 lacked both calcium and magnesium. Treatment 
4 was a complete Hoagland solution and served as the control (Appendix C). 
20 
21 
Treatments were applied at 150 ml per week in 50 ml applica¬ 
tions per replication for four weeks. Cultivar leaf tissue was har¬ 
vested, dried, and analyzed for calcium and magnesium content by the 
methods described in Experiment 1 A. When significant differences in 
uptake of calcium and magnesium occurred in the topgrowth, the plants 
were inoculated with Helminthosporium vagans. 
Inoculation. 
Isolation and culture of H. vagans. fl. vagans inoculum was 
isolated from lesions on Kentucky bluegrass topgrowth by placing 
infected tissue on aseptic potato dextrose agar (PDA) in Petri dishes. 
Dishes were stored at 20°C in a dark area for three to five days until 
the fungal mycelium spread onto the agar. The plates were then placed 
o 
under a near ultraviolet light (a 3100-4100 A) for 12 hours per day 
'fc 
for 7 to 14 days (26). Spores of H^. vagans formed by the exposure 
to the near ultraviolet light were then removed individually from the 
presence of other organisms and placed on fresh aseptic PDA plates. 
These plates were then incubated for three to five days and exposed 
to the near UV light for 7 to 14 days. The single spore isolation 
process was repeated until pure cultures and sufficient spores were 
obtained. 
Harvest of H_. vagans spores. Helminthosporium spores were 
harvested by flooding the plates with sterile water and freed from the 
conidiophores with a sterile brush. Conidia and mycelium fragments 
in the water were collected with a sterile pipette. Spores were 
*Species identified by E.S. Luttrell, Ph.D., University of 
Georgia, Athens, Georgia. 
22 
collected into a volume of 150 ml of water and had an inoculum density 
of 20 spores/low power (100 x) field lens (16). Three drops of the 
wetting agent Tween 20 were added to the spore suspension. The turf 
plants were placed in a growth chamber and kept at 100% relative 
humidity and 20°C and then inoculated. The temperature and humidity 
were kept constant throughout the trial. 
Lesions appeared on the bluegrass plants within 48 hours after 
inoculation. After 96 hours the severity of infection was graded by 
counting lesions on 25 plants from each pot. H. vagans was reisolated 
from leaf lesions on the turf plants at the conclusion of the trial. 
Results 
The use of nutricultures produced the desired results. Plants 
that received both calcium and magnesium and those that lacked mag¬ 
nesium had high levels of calcium in the leaf tissue. Plants to which 
no calcium was applied had lower percentages of calcium. Similarly, 
plants that received either the complete nutrient solution or the 
solution that lacked calcium had a higher magnesium content than those 
that did not receive magnesium. The grass plants that did not receive 
calcium and magnesium in the treatment solutions appeared healthier 
than the plants to which ammonium nitrogen and potassium were applied 
in Experiment 1 A. The reduction of calcium and magnesium in Experi¬ 
ment 1 C plants was similar to the effects of reduced cation uptake 
caused by ammonium and potassium fertilization reported by Claassen 
and Wilcox (8) but without the pH interference that occurred in Experi¬ 
ment 1 A. There was no significant difference in calcium and magnesium 
23 
content between cultivars (Table 6). 
Helminthosporium leafspotting was severe on both cultivars but 
Merion plants were significantly more damaged than Park (Table 7). 
Plants that received the complete nutrient solution were graded as the 
most severely infected. Plants that were low in both calcium and mag¬ 
nesium had more leafspotting than plants that were low in either 
element alone. The least amount of infection occurred in the plants 
that lacked magnesium. All plants were severely damaged by the patho¬ 
gen and neither cultivar appeared resistant to Helminthosporium. 
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TABLE 7 
EXPERIMENT I C 
NUMBER OF HELMINTHOSPORIUM LEAFSPOTS ON MERION AND PARK 
KENTUCKY BLUEGRASS WITH TREATMENTS HAVING NO CALCIUM, NO MAGNESIUM 
NO CALCIUM OR MAGNESIUM VERSUS A COMPLETE NUTRIENT SOLUTION 
Leafspots/Plant 
Treatment Merion Park 
Treatment 
Means 
-Calcium 18.00 13.90 15.95 be 
-Magnesium 17.21 11.04 14.13 c 
-Ca -Mg 19.73 14.93 17.33 ab 
Complete nutrient 
solution 19.19 18.84 19.02 a 
Varietal Means: 18.53 14.68 
Data followed by the same letter do not differ significantly at the 
5% level according to Duncan's New Multiple Range Test. 
EXPERIMENT II 
GREENHOUSE TRIAL 
Procedure 
Twenty-seven one cubic foot wooden boxes were filled with a 
sandy loam deficient in calcium, potassium, phosphorus, magnesium and 
nitrogen. The soil pH was corrected from 5.1 to 6.3 by an incubation 
method (Appendix D). Four hundred and ninety grams of Mg(0H)2 and 
630 grams of Ca(0H)2 were added and mixed with the soil which was 
then alternately wetted and dried until the pH was uniform throughout 
the soil. One half of each box was sodded with Merion and the other 
with Park Kentucky bluegrasses. The sod was harvested from one year 
old stands. Eight treatments and a control each replicated three 
times were applied after the sod had rooted. 
Fertilizer treatments. Treatments were comprised of different forms 
of nitrogen fertilizer and rates of potassium (Table 8). Treatment 1 
contained both ammonium and nitrate nitrogen. Treatments 2 and 4 
supplied only ammonium as the nitrogen source and treatments 3 and 5 
contained only nitrate nitrogen. Treatments 1, 2, 3 and 6 had an 
N-P-K ratio of 2-1-1 but in treatments 4 and 5 the ratio was 1-1-3. 
Treatments 6, 7 and 8 were commercial fertilizers Ureaform, Milorganite 
and Corenco (8-6-4). Ureaform (38-0-0) is a synthetic organic, slow 
26 
27 
TABLE 8 
EXPERIMENT II 
TREATMENT COMPOSITION, NITROGEN SOURCE AND N-P-K ANALYSIS OF 
FERTILIZERS APPLIED IN EXPERIMENT II 
Treatment Composition Nitrogen Source N-P-K Ratio 
1. NH4NO3 
Ca(H2P04)2 NhJ + NO' 2-1-1 
KCl 
2. (NH4)2S04 
Ca(H2P04) NhJ 2-1-1 
KCl 
3. NaNOj 
Ca(H2P04)2 NO' 2-1-1 
KCl 
4. (NH4)2S04 
Ca(H2P04)2 NH^ 1-1-3 
KCl 
5. NaNOj 
Ca(H2P04)2 NO3 1-1-3 
KCl 
6. Ureaform 
Ca(H2PO^)2 — 2-1-1 
KCl 
7. Milorganite — 6-2-0 
8. Corenco — 8-6-4 
9. Check — — 
28 
release fertilizer. Milorganite is activated sewer sludge which con¬ 
tains only organic nitrogen with a 6-2-0 N-P2O5-K2O analysis. Corenco 
contains both organic and inorganic nitrogen in an 8-6-4 grade. In 
treatments 1 through 6 phosphorus was supplied as Ca(H2P04)2 and 
potassium as KCl. Treatments 7 and 8 were not amended with phosphorus 
and potassium. Treatment 9 was an unfertilized check. 
The application rate for treatments was the equivalent of 
1/2 pound of nitrogen per month per 1000 square feet for 12 months. 
The turf plants were given a total of six pounds of nitrogen/1000 
square feet. Tissue topgrowth was harvested 12 times and the fresh 
and dry weights were recorded. The turfgrass tissue was analyzed 
periodically for calcium and magnesium content according to the 
methods described in Experiment 1. 
Greenhouse inoculation. To determine the effects of the treatments 
upon the severity of leaf spotting by Helminthosporium vagans the 
turf plants were placed in an inoculation chamber one year after 
initiation of the experiment. The chamber consisted of a wooden 
frame covered with polyurethane. Chamber humidity was maintained at 
100% using a commercial humidifier. The H. vagans inoculum was cul¬ 
tured, harvested and dispensed according to the methods in Experiment 1. 
The plants were examined for leaf spotting 14 days after inoculation. 
Examinations were based on 50 pi ants/cultivar/box. Soil samples were 
taken at the end of the experiment to evaluate the effects of the 
treatments on the pH of the soil. 
29 
Results 
Fresh and dry weights. The fresh weight averages of the harvested 
topgrowth indicated differences in yields according to treatments. 
The heaviest clipping weights were obtained from turf plants that 
received either Corenco 8-6-4 or (NH4)2S04, 1-1-3. There was no 
difference in clipping weights from turfgrass that received treatments 
1, 2, 3, 5 or 7. Ureaform yielded more fresh weighed clippings than 
the control plants. The dry weight averages followed a pattern simi¬ 
lar to the fresh weights. 
Clipping weights also differed with regard to the cultivar. 
The average fresh and dry clipping weights yielded by the Park cultivar 
were heavier than the Merion yields. Fresh weight for Park averaged 
4.41 grams and 4.02 grams for Merion. The dry weight average for Park 
was 1.04 grams and 0.97 grams for Merion. Fresh and dry weights are 
shown in Table 9. 
Calcium and magnesium content. The treatments resulted in significant 
differences in calcium levels of the tissue. Calcium content was 
greatest in tissue that was fertilized with NH^N03, (^^4)2^®4’ 
and the organic fertilizers, Ureaform and Milorganite. Corenco 8-6-4, 
(NH4)S04, 2-1-1 and the control plants contained more calcium than 
plants that received the nitrate treatments. In addition the Merion 
cultivar contained significantly more calcium on an average than Park. 
Merion tissue averaged .38555 calcium and Park .350%. 
Magnesium content of the tissue was also affected significantly 
by the treatments. Magnesium was greatest in plants that received 
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NH4NO3. Milorganite, Ureaform, (NH4)2S04 2-1-1 and the control plants 
resulted in turfgrasses with similar magnesium content. Treatments 
3 and 4 produced tissue that did not differ in magnesium levels. 
NaN03 Corenco fertilizer resulted in the least magnesium. 
Magnesium content differed significantly according to cultivar. Mag¬ 
nesium content in Merion averaged .346% and .321% for Park. The 
data for calcium and magnesium content is presented in Table 10. 
Infection by H^. vagans. Examination of the bluegrass plants infected 
by Helminthosporium indicated that the severity of infection varied 
significantly with respect to the fertilizers. The turf plants that 
received NH4NO3, NO3-N 2-1-1, or Ureaform were the most severely 
infected. Turf plants that received N0“-N 1-1-3 (treatment 5) and 
the control plants were the least infected. The effect of the potas¬ 
sium in treatments 4 and 5 gave varied results. The turf that 
received NH^-N 1-1-3 (treatment 4) was more severely infected than 
the plants treated with NhJ-N 2-1-1 (treatment 2) but turf fertilized 
with NO3-N 1-1-3 (treatment 5) had less infection than turf plants 
that received NO^-N 2-1-1 (treatment 3) for both cultivars. 
Overall Merion appeared less severely infected than Park but 
the Merion plants were badly damaged by Helminthosporium. Although 
differences were observed between turfgrass cultivars and treatments, 
all plants examined were severely infected. The results are presented 
in Table 11. 
Soil pH. The fertilizer applied had an effect upon the pH of the soil. 
Ammonium caused a significant reduction in the soil pH whenever it was 
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TABLE 11 
EXPERIMENT II 
INFLUENCE OF NITROGEN SOURCE AND RATE OF POTASSIUM ON THE 
SEVERITY OF INFECTION OF MERION AND PARK KENTUCKY BLUEGRASS 
BY HELMINTHOSPORIUM VAGANS 
Treatment Aug. 
★ 
Infection/Plant 
# N-Source N -P-K Ratio Merion Park 
Treatment 
Means 
1. NH4NO3 2-1-1 12.13 14.85 13.49 a 
2. (NH4)2S04 2-1-1 12.83 12.16 12.49 abc 
3. NaN03 2-1-1 11.61 14.79 13.20 a 
4. (NH4)2S04 . 1-1-3 13.00 12.85 12.93 ab 
5. NaN03 1-1-3 9.96 11.29 10.63 c 
6. Ureaform 2-1-1 13.41 14.28 13.85 a 
7. Mil organite 6-2-0 11.96 12.36 12.16 abc 
8. Corenco 8-6-4 11.59 12.00 11.79 abc 
9. Check — 9.63 11.75 10.69 be 
Varietal Means: 11.79 12.93 
*Average investion based upon lesions on 50 plants per tr eatment. 
Data followed by the same letter do not differ significantly at the 
5% level according to Duncan's New Multiple Range Test. 
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applied. The soil given NH^-N 1-1-3 resulted in a soil pH that was 
lower than the soil that received NhJ-N 2-1-1. The applications of 
nitrate had the opposite effect upon the soil. NO^-N 1-1-3 caused 
an increase in the soil pH but not as large as that caused by NO3-N 
2-1-1. Corenco 8-6-4 reduced the soil pH greatly but NH^NO^ reduced 
it only slightly. Ureaform, Milorganite and the control did not alter 
the soil pH. There was no difference in soil pH due to the cultivar 
of bluegrass. Table 12 shows the effects of the treatments on the 
soil pH. 
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TABLE 12 
EXPERIMENT II 
EFFECTS OF NITROGEN SOURCE AND POTASSIUM RATE ON THE pH 
OF A SANDY LOAM IN WHICH MERION AND PARK KENTUCKY 
BLUEGRASS WERE GROWN 
Treatment PH 
# N-Source N-P-K Ratio Merion Park 
Treatment 
Means 
1. NH4NO3 2-1-1 6.19 5.79 5.99 c 
2. (NH4)2S04 2-1-1 5.68 5.71 5.69 de 
3. NaN03 2-1-1 6.91 6.78 6.85 a 
4. (NH4)2S04 1-1-3 5.57 5.45 5.51 f 
5. NaN03 1-1-3 6.73 6.61 6.67 a 
6. Ureaform 2-1-1 6.35 6.19 6.27 b 
7. Mil organite 6-2-0 6.36 6.17 6.27 b 
8. Corenco 8-6-4 5.84 5.64 5.74 d 
9. Check — 6.30 6.24 6.27 b 
Varietal Means: 6.22 6.07 
Data followed by the same letter do not differ significantly at the 
5% level according to Duncan's New Multiple Range Test. 
EXPERIMENT III 
FIELD TRIAL 
Procedure 
Preparation. Two 2000 square foot areas were seeded with Kentucky 
bluegrass to test the effects of the forms of nitrogen and rate of 
potassium fertilization on the calcium and magnesium content of the 
leaf tissue and their effects upon the severity of infection by 
Helminthosporium. Area one was seeded in the fall of 1974 with a 
mixture of Park, Newport and Delta cultivars of Kentucky bluegrass 
which are susceptible to leafspot disease. The second area was 
seeded in the fall of 1975 with Merion Kentucky bluegrass which is 
moderately resistant to leafspotting by Helminthosporium. Seeding 
rates for both areas were one pound of seed per 1000 square feet. 
Each area was divided into 25 8' x 10' plots. Eight treatments each 
replicated three times were applied to the plots. Untreated controls 
were included as the ninth treatment. 
Fertilizer treatments. Treatments applied to the turfgrasses were the 
same as in Experiment II (Table 9). The fertilizers were applied at 
the rate of 1/2 pound of nitrogen per 1000 square feet per month with 
a maximum of four pounds of nitrogen per 1000 square feet per growing 
season. During the 1975 season each plot received the equivalent of 
36 
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two pounds of nitrogen/1000 square feet and in 1976 the equivalent of 
four pounds of nitrogen/1000 square feet was applied. 
The topgrowth of each plot was harvested periodically over 
two growing seasons. The fresh and dry weights were recorded. The 
dried tissue harvested in both years was analyzed for calcium and mag¬ 
nesium content using the methods described in Experiment I. The top- 
growth harvested in 1976 was also analyzed for potassium. 
Gypsum treatment. In the summer of 1976 each plot was divided in half. 
One half received the fertilizer treatment plus gypsum (CaSO^). The 
gypsum was applied at a rate of 25 pounds per 1000 square feet. Gyp¬ 
sum was added to increase calcium in the soil without affecting the pH. 
Field infection. The plots were evaluated in the late spring and early 
fall of 1976 for infection by Helminthosporium. Visual observations 
and counts of infection were made in June of 1976. Late summer and 
early fall of that year were extremely dry and natural infection did 
not occur. Because of the lack of Helminthosporium infection in the 
field a growth chamber study was pursued. 
Growth chamber inoculation. Two hundred turf plugs, each 5 cm in diameter, 
were removed from the Park, Newport and Delta plot area. Four plugs 
were taken from each plot. Each plug was placed in a plastic cup with 
holes in the bottom for drainage. The plugs and cups were then placed 
in a growth chamber. The plugs were inoculated with Helminthosporium 
according to the methods in Experiment I. After 14 days they were 
examined for leafspotting. All data obtained from the experiment was 
subjected to Duncan's New Multiple range test. 
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Results--1975 
Fresh and dry weights. The bluegrass topgrowth harvests in 1975 
indicated that there were significant differences in fresh and dry 
yields due to the treatments. The topgrowth yield was greatest from 
plots that received either NH^NO^, NaNO^ 2-1-1 or Corenco 8-6-4. 
The NO^-N treatments, 3 and 5, produced heavier clippings than the 
NhJ-N treatments, 2 and 4. The turf that received (NH4)2S04 2-1-1. 
However, NaNO^ 2-1-1 produced a heavier yield than NaNO^ 1-1-3. 
Milorganite and Ureaform yielded less clippings than the other fertili¬ 
zers. The lowest yield was produced by the unfertilized check. The 
dry weights followed the same pattern as the fresh weights with one 
exception. Treatment 8, Corenco fertilizer, produced the greatest 
dry yield followed by the turf fertilized with NH4NO3 and NaN03 2-1-1. 
The data for fresh and dry weights recorded in 1975 are presented tn 
Table 13. 
Calcium content. Statistical analysis of the calcium content in the 
tissue indicated that there was no significant difference with respect 
to the treatments. The turf that received treatment 1, NH4NO3, con¬ 
tained the most calcium on a per cent dry weight basis. The unfertilized 
plot produced plants that contained the least amount of calcium. 
Magnesium content. Significant differences did appear in the magnesium 
content of the tissue with respect to the treatment applied. The plants 
that received NaNO^ 2-1-1 contained the most magnesium. Ureaform, Mi¬ 
lorganite, Corenco 8-6-4 and NH4NO3 and the control plants all produced 
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TABLE 13 
EXPERIMENT III 
EFFECTS OF NITROGEN 
FRESH AND DRY 
KENTUCKY 
SOURCE AND RATE 
TOPGROWTH WEIGHTS 
BLUEGRASS MIXTURE 
OF POTASSIUM 
IN GRAMS OF 
IN 1975 
ON 
A 
THE 
Treatment 
# N-Source N- P-K Analysis Fresh Weight Dry Weight 
1. NH^N03 2-1-1 107.45 a* 27.87 ab 
2. (NH4)2S04 2-1-1 83.62 be 22.51 c 
3. NaN03 2-1-1 109.39 a 28.17 ab 
4. (NH4)2S04 1-1-3 101.61 ab 26.47 be 
5. NaN03 1-1-3 102.29 ab 26.32 be 
6. Ureaform 2-1-1 63.41 c 17.37 d 
7. Mil organite 6-2-0 82.55 be 22.68 c 
8. Corenco 8-6-4 125.67 a 32.00 a 
9. Check mm ^ ^ 24.34 d 7.10 e 
* 
Values represent the mean of 15 replications. 
Data in the same column followed by the same letter do not differ 
statistically at the 5% level according to Duncan's New Multiple 
Range Test. 
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turf plants that were higher in magnesium content than the plants that 
received (NH4)2S0/^ 2-1-1 or NaNO^ 1-1-3. The least amount of magnesium 
was in the plants that received (NH4)2S04 1-1-3. The data for calcium 
and magnesium content is presented in Table 14. 
pH. There were significant changes in the pH of the soil within the 
treated test plots as a result of the fertilizers applied. NaNO^ 
caused an increase in the pH of the soil. Ammonium sulphate lowered 
the pH. NH/^N03 and Ureaform had no effect upon the soil pH. Corenco 
fertilizer made the soil more acidic and Milorganite raised the pH. 
The data is presented in Table 15. 
Results—1976 
Fresh and dry weights. Topgrowth harvests in 1976 varied significantly 
with respect to the fertilizer applied. The heaviest fresh weight 
yield was produced by Corenco fertilizer. NaN03 2-1-1 resulted in 
heavier fresh tissue than either (NH4)2S0^ 1-1-3, NaNO^ 1-1-3 or 
(NH4)2S0^ 2-1-1. However, (NH4)2S04 1-1-3 produced fresh tissue 
weights that were heavier than those from (NH^)2S04 2-1-1. Fertili¬ 
zers with organic nitrogen, Ureaform and Milorganite, produced less 
fresh weight clippings than inorganic nitrogen. Control plants pro¬ 
duced the smallest fresh weight yield. 
Analysis of the means indicated that the Merion cultivar pro¬ 
duced a significantly greater amount of clippings than the Park, New¬ 
port and Delta mixture. Merion averaged 48.81 grams and PND averaged 
28.53 grams. Gypsum did not appear to have an effect upon the fresh 
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TABLE 14 
EXPERIMENT III 
EFFECTS OF NITROGEN SOURCE, RATE OF POTASSIUM ON THE PER CENT 
CALCIUM AND MAGNESIUM IN THE LEAF TISSUE OF A 
KENTUCKY BLUEGRASS MIXTURE—1975 
Treatment 
i_ N-Source N-P-K Analysis % Calcium % Magnesium 
1. NH4NO3 2-1-1 .275 .241 abc 
2. (NH4)2S04 2-1-1 .268 .224 be 
3. NaN03 2-1-1 .248 .250 a 
4. (NH4)2S04 1-1-3 .244 .221 c 
5. NaN03 1-1-3 .243 .227 be 
6. Ureaform 2-1-1 .256 .242 ab 
7. Milorganite 6-2-0 .241 .243 ab 
8. Corenco 8-6-4 .254 .232 abc 
9. Check — .238 .235 abc 
Data in the same column followed by the same letter do not differ 
statistically at the 5% 
Range Test. 
level according to Duncan's New Multiple 
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TABLE 15 
EXPERIMENT III 
EFFECTS OF NITROGEN SOURCE AND RATE OF POTASSIUM 
ON THE pH OF A SILT LOAM—1975 
Treatment 
# N-Source N-P-K Analysis 
* 
pH 
1. NH4NO3 2-1-1 6.04 abc 
2. (NH4)2S04 2-1-1 5.90 be 
3. NaN03 2-1-1 6.18 ab 
4. (NH4)2S04 1-1-3 5.78 c 
5. NaN03 1-1-3 6.39 a 
6. Ureaform 2-1-1 6.04 abc 
7. Milorganite 6-2-0 6.25 ab 
8. Corenco 8-6-4 5.91 be 
9. Check — 6.10 abc 
*Initial pH was 6.1 
Data followed by the same letter do not differ statistically at 
the 5% level according to Duncan's New Multiple Range Test. 
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weight yields (Table 16). 
Dry weights of the topgrowth harvested in 1976 followed the 
same pattern as the fresh weights (Table 17). Exceptions to the 
pattern included the dry weights obtained from turf plants that 
received NH4NO3, NaN03 2-1-1, (NH4)2S04 1-1-3 and NaN03 1-1-3, which 
did not differ. Merion produced significantly heavier tissue (14.06 
grams) on an average than PND (9.30 grams). The gypsum application 
did not appear to affect the dried tissue weights. 
Calcium content. Differences in the calcium content in the tissue 
harvested in 1976 were significant at the 5% level. Calcium was 
greatest in plants that received NH4NO3, Milorganite, Ureaform or 
Corenco fertilizer. There was no difference in tissue calcium levels 
in the control plants and turfgrass plants that received either 
NH4-N 2-1-1 or 1-1-3 or NO3-N 1-1-3. Plants that received NaN03 
2-1-1 contained the least calcium. Merion plants appeared to contain 
significantly more calcium (.402%) than plants from PND (.300%). 
Plots that received gypsum produced plants that contained higher 
tissue levels of calcium than those that did not receive gypsum 
(Table 18). The mean for plants that received gypsum was .358% and 
.345% for those that did not receive gypsum. 
Magnesium content. Magnesium levels in the bluegrass tissue differed 
significantly with respect to treatment applied. Magnesium was 
greatest in turf plants that received organic sources of nitrogen. 
Turfgrass plants that received (NH4)2S04 2-1-1 or NaN03 2-1-1 con¬ 
tained more magnesium than plants given (NH4)2S04 1-1-3 or NaN03 
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1-1-3. Turf fertilized with NaNO^ 2-1-1 contained more magnesium 
than turf that received (NH^j^SO^ 2-1-1 and plants given NaNO^ 1-1-3 
had higher levels of magnesium than those that received (NH^)2S04 
1- 1-3. The control plants had as much magnesium as plants that 
received either NH^N03 or NO^-N 2-1-1. 
Merion topgrowth contained significantly more magnesium than 
PND. Merion contained .245% calcium and PND .197% (Table 19). Gypsum 
had an effect upon magnesium that was opposite of the effect on cal¬ 
cium. Calcium content was increased by the gypsum amendment but it 
appeared to reduce the magnesium content. The topgrowth of plants 
that received gypsum contained less magnesium (.214%) than non-gypsum 
treated plants (.229%). 
Potassium content. Tissue levels of potassium were significant at the 
5% level and highest in plants that received either NH^NO^, NaNO^ 
2- 1-1, (NH^)2S0^ 1-1-3, NaNO^ 1-1-3 or Corenco 8-6-4. Treatments 4 
and 5 had an N-P-K ratio of 1-1-3 and resulted in plants that contained 
more potassium on a per cent dry weight basis than treatments 2 and 3 
which had N-P-K ratios of 2-1-1. Applications of organic nitrogen 
resulted in less tissue potassium than the inorganics and the control 
plants had the least potassium. 
Merion contained a significantly greater amount of potassium 
than PND. Merion plants averaged 2.23% and PND 2.04%. Gypsum appeared 
to have no effect upon the potassium levels in the plant tissue 
(Table 20). 
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Soil pH. The pH of the soil varied with respect to the fertilizer 
received. Both treatments that contained ammonium nitrogen and 
Corenco fertilizer reduced the soil pH. Treatments with nitrate 
nitrogen produced the greatest increases in the soil pH. The pH of 
the soil was slightly increased by NH^NO-^, Ureaform and Milorganite. 
Gypsum appeared to have no effect upon the soil pH. However analysis 
of the varietal means showed that the Merion plots had a slightly 
higher soil pH than the PND mixture (Table 21). 
Infection by H. vagans. 
Spring 1976. The natural occurrence of leaf spot disease in 
the field plots appeared to indicate differences in severity of infec¬ 
tion related to the treatments. Plots to which either NH4NO3, (NH4)2S04 
2-1-1, NaNO^ 2-1-1, NaNO^ 1-1-3, Ureaform or Corenco 8-6-4 fertilizers 
were applied resulted in the greatest per cent infection. Turf treated 
with (NH^)2S0^ 1-1-3 or Milorganite resulted in less infection and the 
control plants were the least infected. Data is shown in Table 22. 
Fall 1976. Plugs of PND turfgrass treated with different fer¬ 
tilizers were placed in a growth chamber and then inoculated with ]H. 
vagans showed differences in infection with respect to treatment and 
gypsum level. The plants that were treated with either NH^N03 or NaN03 
2-1-1 appeared to be the most severely infected. Plants that received 
either (NH^)2S0^ 2-1-1, (NH^)^SO/^ 1-1-3 or Ureaform were significantly 
less infected. PND plants fertilized with either Milorganite, Corenco 
8-6-4 or NaN03 1-1-3 had more leafspotting than the control plants 
which were the least infected. Plants that received gypsum plus 
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TABLE 22 
EXPERIMENT III 
EFFECT OF NITROGEN SOURCE AND RATE OF POTASSIUM ON 
PER CENT INFECTION OF A PARK, NEWPORT AND DELTA MIXTURE OF 
KENTUCKY BLUEGRASSES BY HELMINTHOSPORIUM VAGANS 
Treatment 
# N-Source N-P-K Analysis % Infection 
1. NH4NO3 2-1-1 12.33 a 
2. (NH4)2S04 2-1-1 10.60 a 
3. NaN03 2-1-1 9.00 a 
4. (NH4)2S04 1-1-3 8.07 ab 
5. NaN03 1-1-3 10.40 a 
6. Ureaform 2-1-1 10.67 a 
7. Mil organite 6-2-0 8.47 ab 
8. Corenco 8-6-4 10.73 a 
9. Check — 3.80 b 
Data followed by the same letter do not differ statistically at the 
5% level according to Duncan's New Multiple Range Test. 
fertilizer appeared to be less damaged by Helminthospo 
that did not receive gypsum (Table 23). 
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DISCUSSION AND CONCLUSIONS 
These experiments were conducted to explore the relationship 
between plant nutrition and plant disease in a manner that might prove 
useful to the turf manager. Preliminary studies (Experiment I) showed 
that Merion Kentucky bluegrass has a greater requirement for calcium 
and magnesium than the Park cultivar. Among the characteristics of 
the Merion cultivar is resistance to the leafspotting organism Helmin- 
thosporium while Park is highly susceptible. It was hoped that ensuing 
experimentation would indicate whether the higher cation content of 
Merion contributed to the resistance to Helminthosporium. Claassen 
and Wilcox (8) concluded that NhJ-N and high K"*" rates reduced uptake 
of calcium and magnesium in corn. A similar response in Kentucky 
bluegrass turf could perhaps alter the biochemical or physical mechanisms 
of resistance in response to organisms such as Helminthosporium. 
Mycelium of Helminthosporium enters the plant primarily along 
the leaf and sheath through stomates and wounds caused by mowing (38). 
The experiments in this paper were designed to determine if fungal 
penetration and infection were more severe if leaf tissue calcium and 
magnesium were reduced by ammoniating and potassium fertilizer. A 
reduction of calcium would alter the structure and strength of the 
cell wall and could result in a poorer physical defense against Helmin¬ 
thosporium. Calcium deficiencies have been shown to render Highland 
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bentgrass more susceptible to infection by Pythium (31). A magnesium 
deficiency would affect the plant enzyme systems, phosphorus utiliza¬ 
tion and energy transfers as well as chlorophyll production. A shortage 
of magnesium may interfere with the plant's biochemical defense me¬ 
chanisms against invasion by a pathogen. 
Initial experiments were conducted in growth chambers. Nutri- 
culture solutions were used as fertilizer. Because of its low chemical 
activity sand was chosen as the medium. Results indicated that calcium 
and magnesium uptake was reduced with the ammonium ion when compared 
with the nitrate treatment. High K"*" rates also showed less calcium 
and magnesium in the plant tissue. However, since the pH dropped dras¬ 
tically with the NH^-N solution this may have so affected plant growth 
that it caused less calcium and magnesium to appear in the plant tis¬ 
sue. The NhJ-N fertilized plants produced low clipping weights but 
the poor growth was always accompanied by a very acidic pH. The sand 
failed to buffer the NhJ-N solutions and prevent rapid pH changes. 
Another experiment (1 B) incorporated BaSO^ as a buffer for 
the sand so that the growth of the turf plants would not be impaired 
by an adverse pH. BaSO^, however, was not effective in controlling 
the acidifying effects of the ammonium ion. Other compounds may have 
produced the desired results but were not examined in these experiments. 
The calcium and magnesium content in the bluegrass tissue from 
the greenhouse and field trials (Experiments 2 and 3) did not follow 
the pattern established by Claassen and Wilcox (8). The presence of 
NH^-N and cations did not appear to affect the uptake of calcium 
and magnesium. Several factors, soil type, lime and pH may have 
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contributed to the response observed in Experiments 2 and 3. The soils 
in these experiments were loams while sand was the medium in Experi¬ 
ment 1. The soils with the high silt and clay fractions apparently 
buffered the effects of the ammonium and potassium fertilizers and 
prevented the rapid pH changes that occurred in Experiments 1 A and 
1 B. Limestome was added to the soils used in Experiments 2 and 3 
but not in 1 A or 1 B and may have contributed to the soils buffering 
capacity as well as providing calcium and magnesium. In a well-limed 
soil the source of nitrogen that a plant receives may not be important 
(35). In experiments 2 and 3 the bluegrass plant was able to utilize 
NH^-N and high potassium rates without affecting calcium and magnesium 
uptake. However, it appears that the pH of a soil receiving NH^-N 
and K'*’ will change but over a longer period of time if a liming agent 
is not employed. Finally the pH of the soil solution may effect the 
function of soil microorganisms. A low pH will inhibit the nitrifi¬ 
cation of ammonium nitrogen to nitrate nitrogen by soil bacteria (32). 
It seems Tikely that in Experiments 2 and 3 some of the NhJ-N supplied 
in the treatments was converted by bacteria to NO^-N but in Experiment 
1 the NH^-N treatments created an environment unfit for microbial 
nitrification to occur. 
The pH of the soil was affected by the type of fertilizer 
applied. When ammonium nitrogen was used the soil became more acidic. 
Nitrate treatments had the opposite effect upon the soil. Treatments 
with NO^-N as the only nitrogen source caused the soil to become more 
basic. The effects of the treatments on soil pH were not as severe 
in Experiments 2 and 3 as they were in Experiment 1. The Park, Newport 
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and Delta area (Experiment 3) which received fertilizer treatments 
for two years showed greater pH differences than the Merion area which 
was treated for only one year. It seems that continued use of NhJ-N 
and high fertilizers without lime would ultimately create an unfa¬ 
vorable pH for the turf plants. 
The type of fertilizer had an effect upon the growth rate and 
metallic cation content of the bluegrass turf. Organic fertilizers, 
used only in Experiments II and III resulted in higher levels of tissue 
calcium than the inorganics. Similarly, the magnesium content due to 
the organic fertilizers was greater than or equal to that which resulted 
from the inorganics. However, the inorganics resulted in greater fresh 
and dry weights and higher potassium content than from Ureaform or 
Milorganite. Growth was greater with inorganic fertilizers because 
the salts are readily available and produce a quick growth response 
from plants. 
Experiment II was amended with a gypsum application in 1976 
which appeared to affect the calcium and magnesium content of the turf. 
The turf plants that received gypsum in addition to the fertilizer 
treatment produced turf plants with a greater calcium content but a 
lesser magnesium content. Gypsum (CaSO^) was most likely the source 
of the additional calcium present in the turf and may have caused an 
antagonistic response towards magnesium. In effect calcium was taken 
up by the plant in preference to magnesium. Gypsum had no effect upon 
potassium uptake. 
Infection of the turf plants by Helminthosporium vagans did 
not appear to be influenced by the fertilizer applied or the calcium 
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and magnesium content of the tissue. However the unfertilized plots 
had less infection than the treated plots. Nitrogen fertilization 
in general has been linked with increased susceptibility to leaf- 
spotting by Helminthosporium (7,12,17,18,21,22,28,38) but the form 
of nitrogen applied did not appear to be important. Potassium levels 
did not prevent the leafspot disease nor did the type of fertilizer 
applied, either organic or inorganic. 
The differences in infection severity with respect to treat¬ 
ment applied seemed to be random and may have been due to other factors. 
The age of the plant may affect the severity of leafspotting (12). 
The older leaves of the plant displayed the leafspot symptoms before 
the younger shoots. The older portions of the plants were also more 
severely damaged by the fungus. Infection differences may also have 
been due to an uneven application of the inoculum, virulence of the 
pathogen, a natural growth of inoculum in the organic matter of the 
soil or some unknown factor. 
Merion turf in the greenhouse and growth chamber was not 
resistant to Helminthosporium under conditions that favored the fungus. 
Merion would perhaps fare better under natural environmental conditions 
that are found in the field. 
Gypsum appeared to have some effect in reducing the severity 
of infection significantly with a single foliar application. The 
effect of the gypsum may have been due to the additional calcium or 
sulfur it provided. High tissue calcium levels however did not seem 
to reduce leafspotting in Experiments I or II. Sulfur has fungistatic 
properties and is frequently used in greenhouses to control powdery 
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mildew caused by Erysiphe spp. Sulphur may have a similar effect upon 
Helminthosporium. The thatch layer serves as an effective alternate 
host for Helminthosporium and sulfur may have upset the inoculum poten¬ 
tial the thatch provided. Germination of the fungal mycelium may have 
been interfered with by sulfur before the plant could be infected or 
it may have produced some unknown effect. A more intensive study 
varying the rates and frequency of application must be conducted before 
gypsum can be of any practical use to the turf manager in controlling 
Helminthosporium leafspot. 
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APPENDIX A 
EXPERIMENT I A 
N-P-K RATIOS AND MILLILITERS OF 1 MOLAR STOCK SOLUTIONS 
PER LITER OF TREATMENT SOLUTION 
ml stock/1 iter of treatment solution 
N-P-K Ratio: 1-1 -1 1-1 -3 2-1- 1 1-1-1 
Treatment: 1 2 3 4 5 6 7 
Stock 
(NH4)2S04 2.5 — 2.5 — 5 — — 
NaN03 — 5 — 5 — 10 
NH4NO3 — — — — — 2.5 
KH2PO4 2 2 2 2 2 2 2 
KCl 2 2 10 10 2 2 2 
MgS04-7H20 2 2 2 2 2 2 2 
CaCl2-2H20 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
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APPENDIX B 
EXPERIMENT I A 
COMPOSITION OF THE MICRONUTRIENT STOCK SOLUTION (30) 
Final 
Compound Concentration 
Boric Acid H3BO3 0.5 ppm 
Manganese Chloride MnCl2-4H20 0.5 ppm 
Zinc Sulfate ZnS04*7H20 0.05 ppm 
Copper Sulfate CuS04-5H20 0.02 ppm 
Molybdic Acid H2Mo04*H20 0.01 ppm 
Iron NaFe EDTA 1.0 ppm 
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APPENDIX D 
EXPERIMENT II 
GRAMS OF Ca(OH)2, FINAL pH AND CORRECTED pH OF SOIL 
USED IN EXPERIMENT II 
Grams of Ca(OH)2 
100 grams of soil Final pH Corrected pH 
0 (not shaken)* 4.80 — 
0 (shaken) 4.94 4.80 
0.1 (shaken) 6.59 6.45 
0.2 (shaken) 7.24 7.10 
0.3 (shaken) 8.24 8.10 
0.4 (shaken) 8.78 8.64 
*pH determined 1 
of soil. 
hour after adding 100 ml of water to 100 grams 
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